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REVIEW ARTICLE

Effect of photobiomodulation therapy on inflammatory cytokines in healing
dynamics of diabetic wounds: a systematic review of preclinical studies

Gagana Karkadaa, G. Arun Maiyaa , Nicolette N. Houreldb , Praveen Aranyc, Mohandas Rao KGd,
Shalini Adigae, Shobha Ullas Kamathf and Somashekar Shettyg

aDepartment of Physiotherapy, Centre for Diabetic Foot Care and Research, Manipal College of Health Professions, Manipal Academy of
Higher Education, Manipal, India; bDepartment of Health Sciences, Laser Research Centre, University of Johannesburg, Johannesburg, South
Africa; cDepartment of Oral Biology, School of Dental Medicine, Engineering & Applied Sciences, University at Buffalo, Buffalo, NY, USA;
dDepartment of Anatomy, Melaka Manipal Medical College-Manipal Campus, Manipal Academy of Higher Education, Manipal, India;
eDepartment of Pharmacology, Kasturba Medical College, Manipal Academy of Higher Education, Manipal, India; fDepartment of
Biochemistry, Kasturba Medical College, Manipal Academy of Higher Education, Manipal, India; gDepartment of Biochemistry, Melaka
Manipal Medical College-Manipal Campus, Manipal Academy of Higher Education, Manipal, India

ABSTRACT
Context: Delayed wound healing in diabetes mellitus (DM) is due to the overlapping phases of the
healing process. The prolonged inflammation and altered levels of inflammatory cytokines lead to
deformed cell proliferation. Photobiomodulation alleviates the expression of inflammatory cytokines
and promotes tissue repair, thereby restoring the wound healing process.
Objective: To find out the effect of photobiomodulation therapy (PBMT) in the healing dynamics of
diabetic wounds with particular emphasis on interleukin-6, interleukin-1b, and tumour necrosis fac-
tor-a.
Methods: Scientific databases searched using keywords of the population: DM, intervention: PBMT,
and outcomes: inflammatory cytokines.
Results: We have included five preclinical studies in the present systematic review for qualitative ana-
lysis. These studies evaluated the effect of PBMT at different wavelengths, dosage, and time on wound
healing in DM.
Conclusions: The systematic review concludes that PBMT regulates inflammatory cytokines levels,
enhances cell proliferation, and migration, thereby improving the wound healing properties.
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Introduction

Diabetes mellitus (DM), a heterogeneous group of metabolic
disorders resulted in deranged metabolism of carbohydrate
and lipid through an insufficient production or an inefficient
action of insulin (Burtis et al. 2012). Prolonged DM leads to
microvascular complications such as retinopathy, neuropathy,
and nephropathy. The global burden of DM has affected
nearly 425 million people in 2017 with an anticipated rise up
to 629 million by the end of 2045. However, in India 2017
survey reported 72 million people affected by DM with an
expected increase of up to 134 million by the end of 2045
(Ogurtsova et al. 2017).

Diabetic peripheral neuropathy (DPN) is one of the com-
mon microvascular complications of DM with sensory, motor,
and autonomic changes in the peripheral nerves. DPN alters
the biomechanics of the foot causing high plantar pressures,
and eventually the foot complications like diabetic foot
ulcers (DFUs) (Hazari et al. 2016). The global prevalence of
DPN ranges from 16% to 66% in people with DM
(International Diabetes Federation survey in 2017), and the
prevalence of DFU ranges from 5% to 7.5% in individuals

with DPN (Ogurtsova et al. 2017). In India, a community-
based survey reported the prevalence of DFU to be 6.38%
(Maiya et al. 2018). Nearly, 15% of DFUs worsen and lead to
lower extremity amputations, which have become a global
challenge for the health care system and impact on the eco-
nomic burden of the society (Ibrahim 2017).

In the literature, there is a dearth evidence for the exact
pathogenesis of the delayed wound healing in DM. However,
growing evidence from various researches has noted abnor-
malities in wound healing phases of inflammation, prolifer-
ation, and remodelling (Maiya et al. 2009). Normal wound
healing is facilitated by the precise and accurate regulation
of cellular and molecular responses through the formation of
the extracellular matrix, granulation tissue, angiogenesis, and
inflammation, which are achieved by the balanced activation
of different enzymes, growth factors, and cytokine expres-
sions (Ayuk et al. 2016).

In the inflammatory phase of wound healing, the pleio-
tropic cytokines mainly interleukin-6 (IL-6), interleukin-1b (IL-
1b), and tumour necrosis factor-a (TNF-a) are produced
through activated endothelial cells. IL-6 are the anti-inflam-
matory molecules transiently produced by macrophages.
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IL-1b and TNF-a are the pro-inflammatory molecules pro-
duced by monocytes, macrophages, and as well as by non-
immune cells (Tanaka et al. 2014).

During tissue injury, the expression of ILs is generated in
response and contributing to the acute phase responses and
immune reactions of the host defence (Zhang and An 2007).
However, in diabetic wound conditions, due to prolonged
inflammation, there will be the removal of the source of pro-
inflammatory cytokine molecules (IL-1, TNF-a) from the host.
It thereby results in the cessation of IL-6-mediated activation
of the signal-transduction resulting in the delayed wound
healing process (Jere et al. 2017).

Amidst these challenges, photobiomodulation therapy
(PBMT) stands as a promising conservative approach in clin-
ical practice. Researchers earlier showed that that PBMT alle-
viates the expression of pro-inflammatory cytokines and
promotes tissue regeneration. The mechanism behind the
action of PBMT is that exposure of cells or tissue to PBMT
results in the absorption of light energy that leads to alter-
ation in their physical and chemical properties. It is also
known as photochemical and photobiological response (Piva
et al. 2011, Ayuk et al. 2014).

At present, there is a dearth of clinical research evaluating
the inflammatory markers in conditions like diabetic wounds
treated with PBMT. The wound healing in DM is a common
complication in type 2DM, and PBMT is a promising non-
invasive non-pharmacological approach its management. At
present, there are fewer reviews on the role of inflammatory
cytokines IL-6, IL-1b TNF-a in diabetic wound conditions
under the influence of PBMT. Hence, the objective of the sys-
tematic review is to find out the effect of PBMT on inflamma-
tory cytokines in healing dynamics of diabetic wounds.
Considering the role of PBMT on these markers in different
phases of wound healing, the systematic review may high-
light the gap in the existing literature and provide direction
for future research.

Materials and methods

The systematic review was conducted and reported following
PRISMA.

Search strategy

We searched the articles with the help of scientific databases
from the electronic databases of Pub Med, Scopus, Web of
Science, CINAHL, Science Direct, Cochrane, EMBASE, and
ProQuest. The search period includes published articles until
2019 with Boolean operators: AND/OR.

Keywords
“Photobiomodulation therapy” OR “PBM Therapy” OR
“photobiomodulation” OR “PBMT” OR “PBM” OR “LLLT” OR
“low-level laser therapy” OR “low-level laser irradiation” AND
“Diabetes” OR “Diabetes foot ulcer” AND “wound healing” OR
“Diabetic wound healing” OR “chronic Diabetic wounds” AND
“pro-inflammatory cytokines” OR “anti-inflammatory

cytokines” OR “Interleukin-6” OR “IL-6” OR “Interleukin-1b” OR
“IL-1b” OR “Tumor necrosis factor-a” OR “TNF-a”.

Study selection

Selection of right model of hyperglycaemia
We believe that choosing the right model of DM conditions
is an essential factor for the selection of articles in both
in vitro and in vivo. The widely established model for hyper-
glycaemia in vitro is where the cell lines are continuously
grown in minimal essential media with a glucose concentra-
tion (5.56 mM) and a then in higher glucose concentration
(17 mM D-glucose) (Houreld and Abrahamse 2007). For the
in vivo models, the widely used method for the induction of
DM is by streptozotocin dosing. It is established depending
on the specific experimental protocol and the dosage can
vary from 35 to 65 mg/kg of the bodyweight depending on
the gender and strain. The other in vivo DM models include
alloxan-induced, dithizone induced, monosodium glutamate-
induced, hormone-induced, spontaneous diabetic obese
rodent model, and surgical models. Each model is depending
on the need of investigating metabolic, genetic changes,
and underlying mechanisms of human DM (Karthikeyan
et al. 2016).

Inclusion criteria
The review focuses on in vitro and in vivo studies. The popu-
lation of interest was DM/hyperglycaemic wound conditions.
The intervention of interest was PBMT/low-level laser therapy
(LLLT) with IL-6, IL-1b, and TNF-a as outcome measures.

Exclusion criteria
Studies involving non-DM population or non-DM wounds
receiving PBMT, diabetic wounds of dental conditions, out-
come measures other than of interest, conference proceed-
ings and abstracts, letters and comments, and studies
published in the language other than English excluded from
the review.

Data organisation

We extracted the selected articles into Microsoft Excel
spreadsheet and customised, which included author informa-
tion, journal and year of publication, study design, outcome
measures, and diagnostic methods used. We removed the
repeated articles (duplicates) before starting the screening.
Based on the research question of interest (PICO format), we
screened the articles further. The two evaluators (GK and
AM) independently screened, assessed, and reported. We
examined the selected papers for their references cited
which was then reviewed by the other authors (NH and PA).
Any difference of opinion in screening, selection, and ana-
lysis, was mutually resolved between all the reviewers for the
final review (Figure 1).
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Results

Search results

From the electronic databases, we identified a total of 402
articles from the database, and two from the cross-reference.
We carried out the deduplication process from which we
removed 123 duplicate items using Microsoft Excel. We
screened the obtained 281 articles for titles and abstracts,
out of which we excluded 260 records depending on inclu-
sion and exclusion criteria at this level. We carried out the
further screening of 21 full-text research articles to check
acceptability. Finally, we included five studies for the final
review based on our research question.

Characteristics of the included studies
The studies included in the present systematic review con-
sisted of four in vitro studies and one in vivo study (Table 1).

Laser specifications
The studies included in this systematic review have used dif-
ferent modes of PBMT (Table 2).

Outcome measures

In the present systematic review, not all the outcome meas-
ures were similar among all five studies. All the studies have

Figure 1. PRISMA flowchart for literature search.
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used human skin fibroblasts (HSFs) models of DM conditions.
However, there was a difference in incubation time, point of
outcomes measures, and type of PBMT used for the study.
Hence, we could not report of overall mean values of these
outcome measures. Therefore, we have highlighted the dif-
ference between the groups of individual studies. Table 3
explains the overall effect of PBMT on wound healing in DM.

The findings of inflammatory markers IL-6, IL-1b, and
TNF-a from the included studies have been discussed below
in detail.

IL-6
In vitro study by Houreld and Abrahamse (2007) treated HSFs
cells with LLL of dosage 5 J/cm2 (632.8 nm) for the duration
37 min. Diabetic wounded cell culture group showed an
increase in the expression of IL-6 compared to irradiated dia-
betic cells (p< .05). The normal diabetic cells showed no sig-
nificant change in the IL-6 levels. The illuminated the HSFs
cells treated with PBMT dosage of 16 J/cm2 (632.28 nm) for
2 h showed a significant decrease in IL-6 levels in wounded
cells when compared with 5 J/cm2 treated cells.

In the follow-up study by Houreld et al. (2010), they irradi-
ated HSFs with PBMT of dosage 5 J/cm2 (830 nm) for dur-
ation 18 min 56 s. They reported significantly elevated levels
of IL-6 expressions. Cells incubated for 24 h post-irradiation
showed an increase in IL-6 when compared to cells incu-
bated for post-1-h. Unwounded normal cells showed IL-6
levels with a mean value of 0.99 ± 0.07 pg/mL (post-1-h incu-
bation) and 1.24 ± 0.04 pg/mL (post-24-h incubation).
Wounded cells demonstrated increased IL-6 levels with a
mean value of 1.14 ± 0.07 pg/mL and 1.38 ± 0.09 pg/mL for

post 1 and 24 h of incubation, respectively. However, they
reported that the diabetic wounded cells had a mean value
of IL-6 1.51 ± 0.14 pg/mL (post-1-h incubation) and
1.30 ± 0.06 pg/mL (post-24-h incubation).

Sekhejane et al. (2011) studied the effect of PBMT in HSFs,
where diabetic wounded cells were irradiated with PBMT of
wavelength 636 nm at 5 J/cm2 for 7 min and 56 s. They
studied the cells under diabetic wound condition as well as
hypoxic conditions and found that even though there was a
change in IL-6 levels, diabetic wound models reported non-
significant difference. In contrast, the significant changes
showed up in irradiated hypoxic cells (post 24-h incubation)
when compared to un-irradiated controls.

In a study by Esmaeelinejad and Bayat (2013), they cul-
tured the HSFs in standard and high glucose medium. They
treated the cells with PBMT of wavelength 632.8-nm with
0.5, 1, and 2 J/cm2 for 757 s, 1512 s, and 3024 s, respectively.
The in vitro model reported HSFs cultured in physiologic glu-
cose medium (5.5 mM/L) of 62.56, 78.93, and 83.3 pg/mL of
IL-6 levels in groups treated with 0.5, 1, and 2 J/cm2 respect-
ively whereas un-irradiated control groups showed 59.04,
72.26, and 79.58 pg/mL, progressively. The cells cultured in
15 mM/L glucose for one week and kept in physiologic
medium (5.5 mM/L) during PBMT irradiation showed 81.42,
69.09, and 49.42 pg/mL of IL-6 levels in respective 0.5, 1, and
2 J/cm2 irradiation groups and un-irradiated individual con-
trol groups had 68.12, 40.98, and 38.17 pg/mL of IL-6 levels.
In the group where HSFs treated with both 15 mM/L for one
week and during PBMT, study groups estimated to have
55.17, 66.89, and 75.24 pg/mL. In contrast, the control group
showed 70.26, 71.95, and 18.18 pg/mL IL-6 expression in

Table 1. Brief description of the included studies.

Author (year)
Type of
the study

Type of diabetic
cell/wound PBMT

Pro-inflammatory
cytokine

Other
outcome measures

1. Houreld and
Abrahamse (2007)

In vitro Diabetic wounded HSFs 632.8nm He–Ne laser
with 5J/cm2, 16J/cm2

hILa-6 NRa assay

2. Houreld et al. (2010) In vitro Diabetic wounded HSFs 830nm diode laser with
5J/cm2

TNFa-a, ILa-1b, and ILa-6 bFGFa

NOa

ROSa

3. Sekhejane
et al. (2011)

In vitro Diabetic wounded HSFs 636-nm diode laser with
5J/cm2

TNFa-a, ILa-1b, and ILa-6 (NF-jB)a

4. Esmaeelinejad and
Bayat (2013)

In vitro HSFs in high
glucose mediums

He–Ne laser 632.8-nm
with 0.5, 1, and
2J/cm2

ILa-6 bFGFa

5. Ahmed et al. (2018) Animal Diabetic rat skin wound 632.8nm, He–Ne laser
with 6.36 J/cm2

TNFa-a, ILa-1b, ILa-6,
and ILa-10

Glutathione,
lipid peroxidase

abFGF: basic fibroblast growth factor; HFS: human skin fibroblasts; hIL: human interleukin; IL: interleukin; NR: neutral red; NF-jB: translocation of nuclear factor-
kappa B; NO: nitric oxide; ROS: reactive oxygen species; TNF: tumour necrosis factor.

Table 2. Characteristics of PBMT used in the included studies.

Author and year Laser
Wavelength

(nm)
Wave

emission
Power output

(mW)
Power density
(mW/cm2)

Spot size
(cm2) Dosage and duration

1. Houreld and Abrahamse (2007) He–Ne 632.8 Continuous 23 2.206 9.1 5 J/cm2 – 37min
16 J/cm2 – 2 h

2. Houreld et al. (2010) Diode laser 830 Continuous 40 4.4 9.1 5 J/cm2 – 18min 56 s
3. Sekhejane et al. (2011) Diode laser 636 Continuous 95 11 9.05 5 J/cm2 – 7min 56 s
4. Esmaeelinejad and Bayat (2013) He–Ne 632.8 Continuous 10 0.66 1.7 0.5 J/cm2 – 757 s

1 J/cm2 – 1512 s
2 J/cm2 – 3024 s

5. Ahmed et al. (2018) He–Ne 632.8 Continuous 10 3 1 6.36 J/cm2 – 10min
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respective 0.5, 1, and 2 J/cm2 groups. Same way HSFs kept
in 15 mM/L for two weeks before PBMT and during irradi-
ation under physiologic glucose (5.5 mM/L) reported 50.77,
39.89, and 185.22 pg/mL in 0.5, 1, and 2 J/cm2, respectively.

IL-1b
Houreld et al. (2010) reported having 0.04 ± 0.0 pg/mL and
0.03 ± 0.01 pg/mL of IL-1b levels, respectively, after 1 and
24 h of post-irradiation. Normal wounded-cells demonstrated
mean levels of 0.04 ± 0.01 pg/mL and 0.04 ± 0.01 pg/mL of IL-
1b post 1 and 24 h, respectively. However, diabetic wounded
cells demonstrated a slightly increased IL-1b expression with
a mean value of 0.05 ± 0.01 pg/mL and 0.05 ± 0.01 pg/mL of
IL-1b post 1 and 24 h, respectively.

Sekhejane et al. (2011) reported that when HSFs treated
with PBMT of dosage 5 J/cm2 636 nm for 7 min 56 s, it
showed a decrease in IL-1b levels in almost all the study
groups. Comparison with their respective controls of post
1 h as well as 24 h incubated cells reported significant
change amongst the groups.

Ahmed et al. (2018) used PBMT of dosage 6.36 J/cm2 for
10 min (wavelength 632.2 nm) in the study. They reported
that IL-1b levels in all non-diabetic animal models of non-
wounded, non-diabetic wounded, and the non-diabetic
wounded group showed mean values of 31.4 ± 0.7,
41.5 ± 1.6 pg/mL, and 41.5 ± 1.6 pg/mL respectively on the 7th
day of treatment. When IL-1b levels measured in the same
group on the 14th day, it showed the mean values of
31.4 ± 1.6 pg/mL, 69.2 ± 3.6 pg/mL, and 69.2 ± 3.6 pg/mL, pro-
gressively. In contrast, the non-wounded diabetic group
showed higher levels of IL-1b with a mean value of
109.4 ± 1.5 on the 7th day and 142.2 ± 3.2 on the 14th day.
The diabetic wounded control group showed increased levels
of IL-1b compared to all other groups with a mean value of

127.6 ± 1.0 pg/mL and 185.7 ± 5.9 pg/mL on the 7th and 14th
day, respectively. Whereas diabetic wounded group treated
with PBMT of wavelength 632.8 nm and dosage 6.36 J/cm2

showed 82.2 ± 1.4 pg/mL on the 7th day of irradiation and
104.4 ± 4.4 pg/mL on the 14th day of irradiation.

TNF-a
In vitro study by Houreld et al. (2010) reported a significant
decrease in TNF-a level in normal HSFs, normal wounded,
and diabetic wounded cells treated with PBMT of 830 nm
(5 J/cm2 treated for 37 min) and incubated for 1-h post-
irradiation. There was decrease of 18% with absolute stand-
ard error 0.0433± 0.005 (p< .01), 20%, i.e. 0.0451± 0.002
(p< .01), and 13% with value of 0.0438± 0.001 (p< .05),
respectively, compared to the respective non-irradiated con-
trols. In 24-h post-irradiation, still decrease in TNF-a level in
normal wounded and diabetic wounded detected by 23%,
i.e. 0.0476 ± 0.002 (p< .05) and 17% with 0.0498± 0.002
(p< .05). However, the comparison between two-incubation
times was TNF-a level decreased to neutral level in normal
HSFs incubated post-24-h.

Sekhejane et al. (2011) reported a decrease in TNF-a level
in the irradiated groups when compared to non-irradiated
controls. However, there was a significant change in normal
wounded HSFs irradiated with PBMT of dosage 5 J/cm2,
post-1-h incubation and in hypoxic cells of post-24-h incuba-
tion when compared with their respective non-irradiated
controls. A comparison between incubation times showed a
decrease in TNF-a level with cells incubated post 24 h com-
pared to post-1-h.

Ahmed et al. (2018) reported non-diabetic wounds treated
with PBMT with 632.8 nm at 6.36 J/cm2 for 10 min to have
mean levels of 40.1 ± 1.0 pg/mL and 61.4 ± 3.19 pg/mL of
TNF-a expression on the 7th and 14th day, respectively.

Table 3. Preclinical studies with PBMT in diabetic wound conditions.

Condition Subject Parametersa,b Outcomes Overall effects Ref.

Diabetic wound Cell line 632.8 nm
5 J/cm2, 16 J/cm2

hILc-6 PBMTc of 5 J/cm2 stimulated IL-6
expression, proliferation, and
cellular migration in diabetic
wounded cells while 16 J/cm2

found inhibitive

Houreld and
Abrahamse (2007)

Diabetic wound Cell line 830 nm
5 J/cm2

TNFc-a ILc-1b, and ILc-6 PBMTc stimulated nitric oxide
production and inhibited pro-
inflammatory cytokines in
diabetic wounded
fibroblast cells

Houreld et al. (2010)

Diabetic wound Cell line 636 nm
5 J/cm2

TNFc-a, ILc-1b, and ILc-6 PBMTc was more effective in
releasing IL-6 and bFGFc and
positively affected diabetic
wounded cells in vitro

Sekhejane et al. (2011)

High glucose Cell line 632.8 nm
0.5, 1, and 2 J/cm2

ILc-6 PBMTc resulted in a reduction in
inflammatory cytokines and
directed cells into the cell
survival pathway

Esmaeelinejad and
Bayat (2013)

Diabetic skin wound Wistar rat 632.8 nm
6.36 J/cm2

TNFc-a, ILc-1b, ILc-6,
and ILc-10

PBMTc improved glycaemic state,
cytokines involved in
inflammation and antioxidant
defence system in promoting
the wound healing process

Ahmed et al. (2018)

aThe light sources were all low level lasers.
bThe PBMT parameters are given in following order wavelength (nm) and energy density (J/cm2).
cbFGF: basic fibroblast growth factor; hIL: human interleukin; IL: interleukin; PBMT: photobiomodulation therapy; TNF: tumour necrosis factor.
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In contrast, the diabetic wounded group treated with PBMT
showed 39.5 ± 2.5 pg/mL and 95.6 ± 6.1 pg/mL of TNF-a
respectively on the 7th and 14th day of treatment.

Discussion

Wound healing in DM

Among the individuals with DM, the increased risks for
delayed wound healing stems from various pathophysio-
logical abnormalities. Although the living cells and tissues
pose the ability to regenerate and repair, the persistent
hyperglycaemic state disrupts the cellular pathway of initi-
ation of wound closure. The normal wound healing is pre-
ceded by the inflammatory phase that involves a cascade of
metabolic reactions at the injury site. The net regulated
inflammatory responses help in wound repair by neutralising
the disruption caused at the site (Maiya et al. 2005, Andrews
et al. 2015).

DM affects the functioning of macrophage and impairs
monocytes recruitment resulting in reduced phagocytosis at
the wound site. This mechanism prohibits the transition of
inflammatory macrophages to an anti-inflammatory state. As
a result, the inflammatory phase is prolonged, and it pre-
vents further wound resolution (Boniakowski et al. 2017, Den
Dekker et al. 2019).

PBMT and wound healing in DM

In clinical practice, there are a limited number of non-
invasive interventions for diabetic wound management. In
recent years of clinical practice, PBMT is a very promising
non-pharmacological modality for chronic pain and tissue
healing. With adequate evidence in the literature, PBMT is a
proven therapeutic intervention with bio-stimulating effect
(Tchanque-Fossuo et al. 2016). PBMT delivers a non-invasive
form of low energy light treatment. As a result, it promotes
wound healing through the photochemical and photobiolog-
ical responses (Ayuk et al. 2016). PBMT involves the exposure
of living cells or tissues to the LLL of near-infrared and vis-
ible red (600–1050 nm) non-ionising optical radiations. This
non-thermal light energy absorbed by endogenous chromo-
phores of the exposed cells to cause physiological changes
by altering the mitochondrial redox potential of the cell. The
light energy can mediate various cell regulatory and meta-
bolic pathways such as enzyme activation and protein syn-
thesis (Liu et al. 2005, Anders et al. 2015).

PBMT is the dose-dependent stimulation of cellular activ-
ity involving cell migration and proliferation, which are the
mainstream of the wound healing process. A study con-
ducted by Maiya et al. (2005, 2009) reported that LLL of dos-
age of 3–6 J/cm2 showed a beneficial effect on diabetic
wound healing. The diabetic wounds treated with PBMT
showed improved collagen, fibroblastic proliferation, and
neovascularisation. In contrast, the PBMT dosage 7–9 J/cm2

showed inhibitory properties during wound healing. Several
studies have mentioned the effect of PBMT on chronic

wound healing in conditions like DFUs (Kaviani et al. 2011,
Mathur et al. 2017).

In the present systematic review, studies have reported
PBMT of dosage 0.5–6 J/cm2 has shown stimulatory effects
for the wound healing process. In contrast, the dosage
7–16 J/cm2 have demonstrated inhibitory effects in
the wound healing process. Irradiation at the dosage of
0.5–6 J/cm2 with specific wavelength and time of exposure,
enhanced cell proliferation, migration, and differentiation in
HSFs models of diabetic wounds. There was evidence of
improved cellular activity, viability, proliferation, and wound
closure in the irradiated cells. At the same time, non-
irradiated cell models reported stunted features of cellular
migration and differentiation with evidence of cellular dam-
age (Houreld and Abrahamse 2007).

Wound healing and the inflammatory response

Endothelial cells and macrophages display the classical acti-
vation of pro and anti-inflammatory cytokines at the injured
tissue site such as TNF-a, interleukin family of IL-1b, IL-6,
IL-12, etc. (Bach et al. 1999, Hesketh et al. 2017). Cytokines
often considered as the hormones of the inflammatory
response, under the standard physiological condition they
exhibited modulatory components limiting the substantial
injurious effect of prolonged inflammation. Under diseased
conditions, pro-inflammatory actions dominate immune
response causing the damage to the host cell. The nature of
the immune response in the target cell is the net effect of
interactions of pro-inflammatory vs. anti-inflammatory mole-
cules (Munoz et al. 1991, Kasai et al. 1997, Opal and DePalo
2000, Dinarello 2007). In conditions like DFUs, the associated
complications result in a compromised immune system and
increase the risk at all phases of wound healing.

PBMT and pro-inflammatory response
Diabetic wounded cells exposed to PBMT irradiation at
5 J/cm2 for 18 min 56 s (wavelength 830 nm), corresponded
to the decrease in pro-inflammatory cytokine expressions of
IL-1b and TNF-a (Houreld et al. 2010). Similarly, the cells
exposed to the same PBMT dosage but wavelength 636 nm
for 7 min and 56 s, showed a significant decrease in the
IL-1b and TNF-a levels (Sekhejane et al. 2011). The elevated
expressions of pro-inflammatory cytokines in diabetic
wounds significantly decreased when the skin wounds were
exposed to irradiation at a dosage of 6.36 J/cm2 (wavelength
632.8 nm) for 10minutes (Ahmed et al. 2018).

PBMT and anti-inflammatory response
The diabetic cells treated with 5 J/cm2 dosage for 37 min
(wavelength 632.8) and there was an elevation in the levels
of IL-6 (Houreld and Abrahamse 2007). Similarly, the cells
treated with the same dosage and wavelength, but for the
time duration of 7 min, 56 s also elevated the IL-6
expressions (Sekhejane et al. 2011). The cells irradiated with
dosages of 0.5 J/cm2 (12.62 min), 1 J/cm2 (25.2 min), and
2 J/cm2 (50.4 min) of the same wavelength, are found to
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induce the release of IL-6 in the culture (Esmaeelinejad and
Bayat 2013). The cells irradiated with a wavelength of
830 nm and dosage 5 J/cm2 caused non-significant changes
in the IL-6 levels (Houreld et al. 2010). In contradiction, the
HSFs irradiated with 16 J/cm2 for 2 h reported low levels of
IL-6 (Houreld and Abrahamse 2007). IL-6 even though consid-
ered being anti-inflammatory cytokine, has properties of pro-
inflammatory activities depending on the response to injury
at the site (Barton 1997). IL-6 can down regulate the synthe-
sis of pro-inflammatory TNF-a, IL-1b, IL-10, and transforming
growth factor-b (TGF-b) (Kajagar et al. 2012).

Inflammatory response, delayed wound healing, and
action of PBMT

To assess the influence of PBMT at the cellular level, in vitro
studies are the best model to know the cell proliferation
rate. During the inflammatory phase of wound healing in
DM, the dysfunction of endothelial cells is due to the oxida-
tive cell damage. The primary cause is the excess production
of reactive oxygen species (ROS) at the wound site (Cho
et al. 2001). Even though ROS contribute for the wound heal-
ing, in condition like DM, the uncontrolled ROS can result in
excessive damage of the wound tissue. The possible mech-
anism could be that the photo stimulatory effect of PBMT
accelerated the adenosine triphosphate (ATP), ROS, and nitric
oxide (NO) production in mitochondria (Hamblin and
Demidova 2006). Thereby regulating the endothelial function
and correcting the net impact of pro- and anti-inflammatory
cytokine expressions.

Inhibition of adhesion molecules present on the endothe-
lial cells by NO is another factor influencing inflammatory
response. The cell adhesion molecules are responsible for
extracellular matrix interaction within and between the cells,
initiation of the immune response, and progression of inflam-
mation. These molecules are elevated in conditions of DM.
Thus, PBMT has a regulatory effect on these mechanisms,
thereby stimulates wound healing (Jansson 2007, Ayuk et al.
2016, G�oralczyk et al. 2018, Mussttaf et al. 2019).

Excess of NO production can inhibit cytochrome c oxidase
in mitochondria and displace the oxygen molecule in injured
condition. The reversal of this effect can be by the action of
PBMT by dissociation of NO bonds inhibiting mitochondria.
Within mitochondria, PBMT can also enhance the transport
of electrons in the electron transport chain. PBMT in wound
healing conditions can increase the consumption of oxygen,
therefore becomes a key for fibroblastic proliferation, angio-
genesis (Lane 2006, Mussttaf et al. 2019). Hence, PBMT has a
positive effect on wound healing environment when treated
with specific fluence. However, the adverse effect observed
at the higher doses of PBMT needs further research.

Strength and limitations

In vitro studies can expose cells directly to intervention and
assess its effect at the cellular level. In the in vitro studies,
we can control or manipulate the environmental conditions
of the cell. Studies included in the present systematic review

have used enough cell models of DM conditions. They have
reported the modulation of cells exposed to PBMT with
responses like cellular morphology, viability, immune
responses, and inflammatory responses. However, in vivo
study describes the interaction of PBMT at the tissue level.

Limitations of the preclinical studies are that though the
in vitro cells reconstruct the skin models of diabetic wounds,
it fails to mimic the complex skin layers of the human body.
In vivo studies also fail to explore the long-term exposure to
any intervention.

Conclusions

The present systematic review concludes that PBMT was
effective in regulating the anti-inflammatory and pro-inflam-
matory activities of IL-6, TNF-a, and IL-1b. PBMT enhanced
cell proliferation, and migration thereby restoring the wound
healing process in DM in the early phase of wound healing.

Clinical implication

Although PBMT is in the clinical practice for the treatment of
many conditions, the mechanism behind molecules inter-
action with laser is unclear, and the perplexing effects of
laser irradiation are still under debate. Several studies have
established evidence of PBMT and its effect on diabetic
wound conditions and their interaction with various inflam-
matory markers. Studies have also highlighted the cellular
level mechanism of PBMT in diabetic wounds. Therefore, we
strongly recommend the translation of PBMT to the clinical
research and management of diabetic wound conditions
along with various markers. The modality will help many
people suffering from diabetic foot complications in low and
middle-income countries like India.
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